Abstract. We measured and compared the dimensions, height, and orientation of Gila Woodpecker (Melanerpes uropygialis) and Northern Flicker (Colaptes auratus) nest cavities, and compared saguaros used for nest sites to the saguaros available for both species. Gila Woodpecker nest cavities had smaller entrances, were shallower in the vertical plane of the saguaro, and were deeper in the horizontal plane of the saguaro than Northern Flicker nest cavities. These data can be used to determine whether secondary cavity-nesting species are using Gila Woodpecker cavities, Northern Flicker cavities, or both. The mean height of nest cavities did not differ between species, and the orientation of nest cavities was random for both species. Although saguaro selection differed between the species, both selected the largest saguaros for nest sites. No nests of either species were found in saguaros < 5 m tall. The continued existence of the saguaro cavity-nesting community is dependent upon the survival of large saguaros and adequate saguaro reproduction, despite human development of their desert habitat.
INTRODUCTION
understand nest-site selection among woodpecker species ultimately responsible for cavity excavation. If Gila Woodpecker and Northern Flicker nest cavities differ in location or orientation, this may be important to understanding the nest-site selection of secondary cavity nesters.
Our objectives were to determine and compare the dimensions, height, and orientation of Gila Woodpecker and Northern Flicker nest cavities, and to examine and compare the selection of saguaros for nest sites by both species. and orientation of the cavity entrance, the height of the saguaro in which the nest was located (the nest saguaro), and the number of branches on the nest saguaro. Nest-cavity orientation was measured with a compass to the nearest degree. For nests which we were able to reach with a 7.6-m ladder, we measured the vertical and horizontal diameters of the cavity entrance, the horizontal depth of the cavity, and the vertical depth of the cavity (Fig. 1) . To sample the saguaros available for nest sites, 10 points were randomly located in every plot. All saguaros within 30 m of each point were recorded. For each saguaro we estimated its height and counted the number of branches. We practiced estimating heights of saguaros until we were accurate to within 30 cm and we continually checked our estimates throughout the study to maintain this accuracy.
METHODS
We tested whether the dimensions of Gila Woodpecker and Northern Flicker nest cavities differed with multivariate analysis of variance (MANOVA). We determined which nest-cavity dimensions differed with t-tests. Differences in the nest-cavity heights between species were tested with the t-test. Nest-cavity height was not For the analysis of saguaro selection, we categorized saguaros into four classes based on their height and number of branches (Table 1 ). The availability of each saguaro class was calculated from the random sample of saguaros on the plots. Overall differences between the use and availability of saguaro classes were tested for each species with the G-test (Zar 1984) . Differences between the use and availability of each saguaro class and differences between species in their use of saguaro classes were tested with the binomial test for two proportions (Zar 1984). To maintain an overall alpha of0.05, the alpha for significance of individual tests was calculated as described by Neu et al. (1974) .
RESULTS
We found 64 Gila Woodpecker and 28 Northern Flicker nests and were able to measure the cavity Table  2) . The orientation of nest cavities was not significantly different from a random orientation for Gila Woodpeckers (Fig. 2; The mean heights of Gila Woodpecker and Northern Flicker nest cavities were statistically indistinguishable ( Table 2 ). The ranges of nest heights were almost identical for both species (Table 2) . Gila Woodpeckers and Northern Flickers clearly selected class 4 saguaros, the largest saguaros, for nest sites (Table 3 ; P < 0.001). Gila Woodpeckers nested in class 3 saguaros significantly less often than expected (Table 3 ; P = 0.001). No nests of either species were found in class 1 or class 2 saguaros. Gila Woodpeckers nested in class 3 saguaros significantly less often and in class 4 saguaros significantly more often than Northern Flickers (Table 3; Gilman (1915, p. 157) reported that for 18 Gila Woodpecker nest cavities the mean entrance diameter was 4.95 cm and the mean depth was "a little more than" 30.5 cm. He also reported that for 36 Northern Flicker nest cavities the mean entrance diameter was 8.33 cm and the mean depth was 32.39 cm. However, Gilman (1915) did not statistically test for differences between the means or provide any measure of variance for the means. Also, he did not describe how he measured entrance diameter and cavity depth. Cavities in saguaros are irregularly shaped with the vertical diameter of the entrance usually differing from the horizontal diameter of the entrance, and depth can be measured vertically or horizontally (Fig. 1) . Therefore, it is difficult to compare our data to Gilman' s (19 15) data. However, his data does support our conclusion that Northern Flicker nest cavities have larger entrances than Gila Woodpecker nest cavities.
McAuliffe and Hendricks (1988) reported that cavities excavated by Northern Flickers were deeper in the vertical and horizontal planes of the saguaro than cavities excavated by Gila Woodpeckers. However, they determined which species excavated the cavities from the size of the entrance. The variation in the size of the entrances of cavities used by each species is large ( Table 2) and reported that the cavities were not randomly oriented. However, both studies assumed that any hole in a saguaro that they saw from the ground was a Gila Woodpecker nest cavity. When examined closely with a ladder, many holes which appear to be possible nest cavities from the ground penetrate the saguaro only a small distance (pers. observ.). In addition, Northern Flickers also excavate cavities in saguaros, and all cavities excavated in saguaros are not necessarily used as nest cavities.
Inouye et al. (198 1) assigned holes to one of four 90"-quadrats centered on north, south, east, and west, and using the chi-square test found a significant difference among quadrats in the number of holes. They also reported the test sta- tistic (r) used in the Rayleigh test, however, they did not report the results of the test. We tested for nonrandom orientation with the Rayleigh test using the r they reported and found that the orientations of the holes were not significantly different from random (P > 0.05, r = 0.24, n = 49). Korol and Hutto (1984) using the Rayleigh test found that the orientations of holes in saguaros were significantly different from random. However, they noted that the orientations of the holes were dispersed (r = 0.21) and concluded that the nonrandom orientation was largely a statistical phenomenon.
The very low values of r in our study of verified nest cavities (~0.16) and in previous studies of holes in saguaros (10.24) indicate that the orientations of both were very dispersed (Figs. 2,  3) . Inouye et al. (1981) hypothesized that Gila Woodpecker nest cavities may be nonrandomly oriented in response to thermal constraints. The data does not support this hypothesis.
SELECTION OF NEST SITES
Gila Woodpeckers and Northern Flickers have about the same mean, minimum, and maximum nest heights (Table 2) suggesting that the same factors influence the nest height of both species. The minimum nest height is probably constrained by greater nest predation and ambient temperatures closer to the ground. The maximum nest height may be constrained by factors other than saguaro height. Although saguaros on the study area were as tall as 11.7 m, nests were Gila Woodpeckers and Northern Flickers select class 4 saguaros for nesting (Table 3) (Table 3) because they did not nest in cavities ~3.6 m high. Only the tallest class 2 saguaros are 3.6 m high (Table l) , and the diameter of class 2 saguaros at 3.6 m is probably not large enough for a suitable cavity.
IMPLICATIONS
Another step to understanding the community of birds which nest in cavities in saguaros is to study the selection of nest cavities by the secondary cavity nesters. The data from this study can be used to determine whether each species of secondary cavity nesters is using Gila Woodpecker cavities, Northern Flicker cavities, or both. Gila Woodpecker cavities may be too small for larger species like American Kestrels, and Northem Flicker cavities may be too large for smaller species such as Elf Owls. This information could be important for ensuring this community' s continued existence.
Gila Woodpeckers and Northern Flickers selected the largest saguaros for nesting. No nests of either species were found in saguaros <5 m tall. Therefore, the continued existence of this cavity-nesting community is probably dependent on the continued existence of large saguaros. Special attention must be given to maintaining large saguaros when their habitat is altered by human development. We must also ensure that adequate saguaro reproduction and survival will provide large saguaros for the future.
